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Changes of Vitamin C Level, Lipid Peroxidation and Lipid Concentration in
Plasma of Smokers and Non-smokers
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Department of Food and Nutrition, Dong-eui University, Pusan,” Korea

ABSTRACT

Cigarette smoking is a major risk factor of atherosclerosis and has been reported to contain
an abundance of free radical species which could be expected to deplete antioxidants such as
vitamin C. The present study was designed to investigate the relationship between smoking,
plasma lipid and lipoprotein concentration, and plasma vitamin C level. Fifty-five healthy male
smokers and 32 non-smokers were investigated in the study. Mean age, body weight, BMI and
blood pressure made no differences in both smokers and non-smokers. Significantly, smokers
has higher plasma total cholesterol and LDL-C, and lower HDL-C/LDL-C ratio compared
with non-smokers. Plasma level of thiobarbituric acid reactive substances(TBARS), indicator of
lipid peroxidation and increased susceptibility of LDL towards lipid peroxidation, were elevated
in smokers(p <0.001), while the plasma vitamin C level of smokers was significantly lower than
that of non-smokers(p<0.05), indicating that elevated lipid peroxidation are associated with
decreased plasma vitamin C content. In non-smokers a significantly positive correlation was
observed between dietary vitamin C intake and plasma levels, but no such association observed
in smokers. Lack of such a relatonship and the decreased plasma vitamin C level in the
smokers suggest that smoking may cause increased turnover of the plasma antioxidant.
Conscquently, the sustained free radical load derived from smoking causes an imbalance in
oxidant/antioxidant status and it could be expected that cigarette smoking renders plasma
LDL more susceptible to oxidative modification. In the present study the possible explanations
for that cigarette smokers have a higher risk of cardiovascular disease include the changes of
blood lipid and Lpoprotein concentration, and plasma vitamin C status which might have
protective functions against free radicals-medaited lipid peroxidation. (Korean J Nutrition 30(10)

: 1180~1187, 1997)
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Fdo] HaBARY YES Bolk T8 AUs
Qolehe Ae BBAo2 T Ii7 Apdolt) FAL
APBA gL A IFL Fol BYEAAY, T
93335 2 BEIVATR AL Fmoh} HYH
g ZelsA BOP. olg] AnAE B8 AR5
A ghgtort Yzelst dataigiie] oa Akl @
T3t 279l vlgo] Gebdoes WsldEel &4
& F37, WU DY) Gelo] Yaw v}
& Z7M7I0 Aoy XAzt Adae] s Wa)
£ 74 97] Mg olf 5oz 49w gtk ®
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g a7 22 Ay o) do] Al E mivlz 8t
Aube] witslel ol gldol HEAHA Fo
BAE 2T J1dogA BAEA / AEkA)
E7g Tyo] RolAm I, grjde A Ed)
st o] Aoy dhlds 2o G723 v
&3t AfoA o] 88 & gl Bdz AgE A
e A28 AX A AR o2} hE A 29
Aol dog 4= glomeg gur)zhe A7to] A3}
ol met F2H AsE S34A oY Ay, E3
FHE& AFstes A AHe] dlo] Fub?. dF B9
A A gisle] AU F7Hd LDLe] 2 F
8 FEAAEAM ] g AEH At o8 SUiE
o LDLY <IA%o] #Aksbslo] Akala o] DL ox-
idized LDL)E AW ¥d=A ¢ LDLEY ¢
YA 2} A2 B HA FlgoEN TU9H
3} e FAAA AERARE ek Aew g
AT YT FAJNT FFEY FaAFoU I
W gkate] ¥AA Akl 1LDLe) Ul AA
FidelEo] FUHE &9 dH UINEZd) W3}
A7) Fo] FEHJOD,

2l Q7]+ peroxy radical, nitrogen dioxide, su-
peroxide anion & B2 ¥ AfdS THskn
ooz Ay sty S AQ ArSAY S
AT, FAA] A madste]l ¥ HE "
conjugated dienes, fluorescent products, thiobar-
bituric acid reactive substances(TBARS)S] &7t
¥ ofde} LDL Ayt Z7kied | ole] giaax
o &g F1lo] EolAthE ATyt o] HAnpR g}
D a2 AR e At e 3 Aake Haw ¢
At e WAAAE 2EE Ag=en o2 a4
9} glutathionineo|\} gAY} 28 ghatsia) 9 nie}
T C &9 FAsHElo] oo FHEG® FAAG
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< vlFadel vt W HER] Cof F=oh v
3, HlEA T A&dhe skl ol27] Hsle vjgd
THY 40% ¥ B2 A Fo] 27HY, FAF DN
HIER) Cof Hi7)7h o ®al tiAbge] 2 AR U
Eh} sitk. & gujds Bhael] g BgAel 2
ghrze] A)&HE YR o] FuisuA 4ks)
A/ ZrksAe) FEo] A AP, FH, Gey
9 dgtzAlel) nt2d AP BE P o3 APgEol
2 A9l 83 g Co F=7t felak Wk
1, 83 vl C e BFdEs AU AR
A& 7 2 Bdo] Sl W H o g HEgR
C7t 29d AT iAol FHEs e FAHE
&80l Uehen, d3dzes FuAsiFo| fud
FEAA HE A4 C 32 ES B30 2N B
o) &FH97L Aadhe Aeg Kol vyl C7) 3
At AN ABadse] S AT el BT
BAo] J&E & & YT, ol B AFE s}
2EH 2o AL =2HE AT HE CY
TEIF Hgshert, 834 B sEYAL Wt
shezt, IEkEtiARs vER] C s =9k @Al gl
e7He At F9 e A33d8 A=
FrrspRlebe] BAE FolE At gt

A7y 9 Y

1. HY™ M E A AN

B E7E 204 o] Al dREA I AE S
A7) FEo dYAE E4skA) gn, Adn
Al WEA, 2371A 9] £730] gl 5589 FAAE
73299 MFAASS AR ARt RS
L 1223 32 ¥ F9a HE Fro) Qs
2,800rpmelA ARt EEE gL 4R
Ay E Ao AHEEIAT A¥-E 6% meta-
phosphoric acidg #7kel] BIER Co] F4o) AL
sk 9015 59 g5 AEAHNEE 4
TR 24803 B eR 2ARR, Y 3
T AAASE A EA.

2. Yooy 2y

1) @3NA BN

4 SR 22282 BAE kit(Alest
HE AHgale] Ao BAE%t HDL-C ph-
osphotungstic acid-MgCl, =g oz =315 .o
LDL-C¥E Friedewald*¥ 2 2 Aatslgch
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2) TBARS(thiobarbituric acid reactive substances)
3
¥4 TBARSE Yagihd®o] ula} thiobarbituric
acid$} ¥H8-8h= 822 n-butanol® 238} excita-
tion 515nm, emission 533nmellA &3 sl 0
B, FFEFAZE 1,133 tetraethoxypropanes A&
st

3) HIEH Co 24

HIEFT CE O. Pelletiere] w®o)| o) Aste] B4
sttt #el® ¥l 6% metaphosphoric acid®
H7rska 4 Ao oek2-S 718l metaphos-
phoric acid$} ogh&-29] HFEwr} 2] 2%9) 33%
7t HES g ohs dAEesle] 4EdS A5 e AlL
3ttt A8 ascorbic acid® dehydroascorbate®
F8A17) ¥ 2 4-dinitrophenylhydrazine® ¥2A]7
R LAEE it galsle] 520nmelM FB%
& 24t

=

B\ u
Mg A% Welte] f91@ Ao)} glome o5
shbel gARe oy uFAEH MzRAG

ol& T-test® AME3led EAsigln, #Qlzte] A=
Pearson's correlation®.2 ¥)mslsic}.

ER L

1. MNYEY EY

HEAES] HE Uole vEALT FAET 2}
o7} glem k] 32419 36410t AT} A F-e u)
FATANA 17245.8cme 64.4+7.75kg, EH o)A
170+5.21cm®} 64.61+5.74dkgo. 28 187ke] =}o)7}
ATk BMI =3 2H7] 21.9+2.119} 22.2+1.7984
T2l Aoz} glom dgtw 4371 o)y

Table 2. Dietary nutrient intake of the subjects

T Aol HolA 9hH(Table 1).

2. YYA MNNE

FATT} N FA T AP HALHE Table 2]
A B ule} go| Fdo] mpe Joka AR Aol
Uehta] gsioh 473 v EAZL 2] Bhol o
AT 92%9} 95%oll AP Aeke A aiel
T, AFFUC RN BatE T} A ube] A3k A}
ol7} ggith. WA e Fowo] AAbakel 1199, U] E
Aol 115%% AAaach Hg c & 2 n= =
RapA HAstan F 27k Aol glout FoT
3l B EATo] Tha B HABL AT H)gal
C HAZE TR B 55mg/day o|ate A2eh=
7397} Ml EA T 9520 H]sked EATNAE 17.9%
93, 100mg/day °14S 4125 9= u)Felzo]
52.4%<14 vjgl] EATE 35.9%°]12t}

3. NI ¥

THAEE HFATol 113.13+11.20mg/d], B4
o] 118.94+6.59mg/dl=A] zto]7} e x| gkgict
(Table 3). FZH2HEL HIFAT] 155.93+6.02
mg/dlo] 1 FATL 179.6+4.75mg/dIe.BA §o]A
Ql ZolE Btk HDL-CE 38.31+1.77mg/d1# 37.
74+1.90mg/dIZ F F3l| Aolst glglevt LDI-

= F9T0] 120.30+4.46mg/dlo 2R H|EA o)
95.0+5.73mg/d1B T} o2 o 2o 28 Hygn)

Table 1. Age and anthropometric indices of the subjects

Variables Non-smokers Smokers 'Sta.ti.stical
significance
Agel(years) 323+ 814 36 + 732 NS
Heignt(cm) 172 + 58 170 + 5.21 NS
Weight(kg) 64.4+ 7.75 64.6+ 5.74 NS
BMI(kg/m?) 219+ 211 2224+ 1.79 NS
Blood pressure(mmHg)
Systolic 125 +£106 131 £10.2 NS
Diastolic 81.8+ 8.2 825+ 7.7 NS

Values are means+ SE
NS : Values are not significantly different between groups
by T-test

Variables Non-smokers Smokers Statistical significance
Energy(kcal/day) 2397.0+86.9 2299.4+49.8 NS
Dietary nutrient intake
Carbohydrate(g/day) 384.6+12.9 3917+ 79 NS
Protein(g/day) 86.0+ 4.4 842+ 25 NS
Lipid(g/day) 42.0+ 3.8 39.5+ 2.7 NS
Vitamin C(mg/day) 104.6+ 9.4 923+ 6.4 NS

Values are means+SF

NS : Values are not significantly different between groups by T-test




HDL-C/LDL-Ce &4l v} vlgaatelr] f<
Hog 2 uj&S HYY ol A%E Hop §4
& FAA A FFS oy ady) B3 glon et
A AEIAREE FEAZ A8 SUHES ¢ T
Ut

Craig 59 R4o] d2q ujgdyd vlald &
axe e AeE, 4974, VLDL, LDLS =
7§98 ¥skar, HDLT apolipoprotein Al
& vston ojfdt dAE APl BSrE
AASAY. FAY FHAE w=dsiee] WA
243 AgER]e gtovt thg 22 7130l A
Ak 1) Y3z"o] FAlgZdA olmadde] &
S AFgozN B fAide] $7HE 1 2) 79
A AR oAl VLDL, wtebd] 42089 281 E &
=3} 3) HDL ¥5+= VLDLE =S QAARAS &
o1 4) FEIAGAEE: TN FH2HEY] FAH £
vl 2Egro 2 R AAH A st d
Bl Ao duEm o,

4. BPLMA Y 7Y HED C 3k

FATANSE(TBARS) 2 Bl EAZA 1.81+0.15
MDA nmol/mio]3 FF7-& 2.43+0.51 MDA nmol/
mi& 71 2sle] o] fojHdor AFAANREHA
o] &gtovwg FAFM LDLY 4teht S90S
Rog BrHTable 4). ¢ TBARS &+ AutA<
o] AR AL W e X Fold, LDLY A3k
o} WHE Bde] sle Aos 2YA YU FH&
Aol oigt EAG Y] 2 Fbed-E U S
7)o, Fdaz7t o] HP S A £ Qe Aoz 4
32 Q13 LDLY W #io] Rolht Akl

Table 3. Plasma lipid and lipoprotein concentration
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Yo 2 LDL B apoprotein® #3234 ¢ ¥grt fx5
W scavenger receptorel] 3 AXFozH il
¥7FLDLE 9 2 $88 5 A goh. ¥¥E LDL
o] scanvenger receptorel]l 218} <IAHEHE Alge]
7% apo BY) lysine 7] 5 15% ol/del W@ slofok
Py Fale gy | pLY AATabEE FAl
718, Harats®9 dolAl Fagee] LDLe] ¥&
A7 LDLo] wisle] itz g vige oS
A4S Vpeplo] 2u) o} 3o} TBARS 7S BATH”.

o} gl vigl ¢ sxote gl 9%, AgF,
el 7ol wiehd C g3 2% 0lgwl 0o AFHE W
g3t FAF W] vl Ciol /M Al8d =t
& uleld) ¢ AdF gl AR QAgm By NET
B2} @4 vl C 450] 230] HRd 2 oE 4
2 e el v EdTe] ¥ HER C v
= 5.71£0.16pmol/dIZA FRA79 5.28+0.13umol/
ARk frelH o B4 vebkd

Allard 3¢ Q0] &3 vgl! C v=f 4F&
Z2) getta 848 Pamuk 593 Bui 599 7
Aol w FAZE vER! C $=7} 56.63pmol/12t
9lpmol/lel 2 BlEATe] 59.63pmol/13} 87pmol/1E
A EFLd mE el 7t gl vlgdwe] vERl C
=0t ok w8 A%E BAvh 28y Mezzetti 59
o o5t FATY HER! C s%(15.50mol/) 7t ¥l
FAF(24 5pmol/MHETE Y9k m, Faruque 599 <
TolM = FA7(22.2emol/1)o] HIFHEF(30. 1pmol/1)
B} vigkrh, B2 Aol FAd3 3 sl
2olo] FA7E ZALE o] kot AF Al 3 4A
WA e @t 24 AT ol vlER] R Ae)rt
R AR Aot Aol it vlElRl C §

of

i

Variables Non-smaokers Smokers Statistical significance
Triglyceride(mg/dl) 113.13+11.20 118.94£6.59 NS
Total Cholesterol(mg/di) 15593+ 6.02 179.56 +4.75 *k
HDL-Cholesterolimg/dl) 3831+ 1.77 37.7441.90 NS
LDL-Cholesterol(mg/dh 95.00+ 5.73 120.3044.46 E
HDL-CADL-Clratio) 0.47+ 0.05 0.34+0.02 **
Glucose(mg/dl) 101.65+ 3.43 102.38+1.87 NS

Values are means+SE

NS : Values are not significantly different between groups by T-test

**+ . Values are significantly different at p<{0.01 by T-test

**% . Values are significantly different at p <0.001 by T-test

Table 4. Plasma levels of vitamin C and thiobarbituric acid reactive substances

Variables Non-smokers Smokers Statistical significance
Vitamin C(mol/di) 5.71+0.16 5.2840.13 *
TBARS(MDA nmol/ml) 1.81+0.15 2.4340.51 xax

Values are means+SE
* 1 Values are significantly different at p<0.05 by T-test

*** 1 Values are significantly different at p<0.001 by T-test
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Table 5. Correlation between dietary intake and plasma
value of vitamin C

Group Corelation coefficient  Statistical significance
Non-smoker 0.80503 **
Smoker 0.13327 NS

NS : Values are not significantly different
** : Values are significantly different at p<{0.01 by Pear-
son's correlation

9o gloliA] g & glupo,

o]ge) Aol HZo] HIFATET FATAA
AARNeE] A2} e TBARS 47 &1 &
e Cof o] wikthe A FU o Qg 4t
3}2EH 2 dgshe AolH ARl ok it
3ol A} Bkl CrF AAlEHE-E sll5-& AlAkh
ojg} AHH ATE Aot FAA Ergolut HoA
sl Fxrt g4HE AL Agetd s
FEATIE < FAASHIERY o] fo) FIEUSE
gtd gt Zlotb 90 gatiz ol mjfEe
A Bd e e O B9 22 4takA o) what

& e HER BEe R8T Heshe 3
838 gatsiAoln, vigl Ce 847N g
g AAsh=Y A3 P S B e oA
F8g ks eltH. tl-¢r] vlel] CE HER E
o] Aekatgol e, HER! Ce a-tocopheroxyl
Slzs FAAA ARFHOZ a-tocopherold A4
o2 a-tocopheroxyl BHiZe} 28 HrHe 4t
32 A weby FAFEe 84 vg B2
Agolol 2 LDLY #2487} F7E 3 Frei Bl <8t
W 2o viEgl C7} w2 wvte] LDLY] 2tsbr}
dojuin, Bl Eo] HEo24 FAoz FriHe
o] BibalE uhx] ZIJICp0R % L= g ol g oA
AR717F BAE o vig] CoF 1AH R Pl A e
Hsie] W] glojAy FATN e HER C
FEZb B A ALHE FA44 & sl 2
goll qg-3ted dspAQ v Cr} Bol &89 2
Tolt}, Bl EATY) 7= TBARS #tol A% &%
HIEN C 599 Atolel o] AaA (r=-0.5275
p=0.008)E Bo=x A wjep Co FwEst %
< 55 A Aol w8t} ol AF
Atshs HlER Co ofale] Asidche AHd e @4 vl
B Co 8% w50 AdkHd vEFIAER A4
kst ZulE 5 S oeidich

5. HIED CY ¥ATY PS4 M

FA@} W AT Zoln vE oo} 4 S
dlell Cof WAsEsle)l AUAAE BG4 o)

A7 A AHEH G = Alolo] FoH 3
FBA (r=0.80503 p=0.0016)F Hd| wrelo] &
79 A€ Aol AT r=0.13327 p=0.5347)
(Table 5). &, H1FATE AH ol vasld FEE
7b F7ksht Fawde B st e st
A vebdozs] 2ol 4HF ojelg 89 EREE
o FFE F= Aoz Bl !
o} AL Faruque® 5o AuoMs By
At} Schectman 52 F94] €4 wjghd ¢ %7}
e 39 9X FU28 sl 4ol o
227l dEve s Audt ¢ 98e AAsigi
5 olof thdled Pelletier® Kallners-& F¢of wjgpat
Cel F4& A2ATIAY dAAES ZoN71) dE
olgkx stitt. YA wiE Co st AR vl §
A7 NFATS vws) B o 3459 wgd ¢
of giAPAEEo] o Ekon o] W& meislkd FAU
EL 0| FAUE uisle] a5l 45~50mg Z-& 40%

9 ox oo

o e vek Co} 4#7 Badtela AT,

Bui B9 9atd 47 dFWE 3 (mon-onuclear
leukocyte)9l BIEN C X §9) 93t a7} ¢l
or} ERizide] Hxe] YlaM R & ol vlehl
C7t E0f UMt ol Huid7|oiA BEEE AHeA
of Zo] kZEe F4Qt Heo| ¥l uigl 7}
AR og REH7] fEIArHOHY Hoefel > FA
AL HERICY FEr W AL gl Y=zEo] ¥4l
oM JleFepgle] UEE A=shed sl e
9] g2 el viEl! C7F Boddlr) o Rolgla AA
AP, B AT 2 o3 AT HEHE Hol FAHG
o AHER C 55 A3 3ol vlaldte] WBgHA
gon, Fdo W2 giapRstE 7ietsle] wjEll Co
P Fr dosithe AR & AALE

99 9 B2

FAAET N FHEAES UL R s ¥R AR
=, 8% eAE 5 ol 3o shatsiuleg
Co] #F& A v 2L 4HE 44

1) FAe BjEAF ol A% Al BMI 2 ¥
9] apol7t glFlen 2zt e vigl CE vl & 9%
A A %= vt

2) 8%e] Zul28E 3% LDLC 52 34
oA FejAez Fa HDL-C/LDL-C ratios
Aol FelsiAl ekl AL 2ot gl
2.2 el

3) LDLS] 2ksto] thet 97k 2 #edo] gle TBA-

N Tl =4




RS ko] vl Hlste] FATM FejstA w3t

o},

4) 7 HE Co] B FATA felze
2 Yo} atsAl/gatsiAle] BadS 2sion, o
£ TBARS #9) 4% 99°2 Agztar). HEFdAze
A%, FATo vistd vlERl Cof gl Foer®
TBARSg] YA veh | st evd vigRl C %
o} g0l AH3E B}

- 5) H]FATe] A AER CY =7t vlE]
Cel A vl FrktEz 49 sx7t A
g wkdla 3oy, FATe] A e
AHE ozt EAewrt A FS wAskA] Esle
Aoz Kol FAo o3 tAk&<] ¥st a5 vet
Wict, ‘

2 A7) d¥ A= sl FZe 28 E, LD~
C 59 dAAAY Fry} g3 45Hin, HDL-
C/LDL-C ¥&o] Zasto gx Adaasio] 934
o] ZUEES & & Utk FATolA I FikeA
ol\} LDL9 Atsloll oigt wiztmel iz Q4
TBARS X7} ¥ A o= Hol d3e] IisiA|
A g4 9 LDLY At foatA S7HEAE Aol
o ol A7|3te] FAor ey 2Tt FAHY
=& eI 23 FHA BEH = oz A&
Hog »EH BT AN HoPaS AN 14 %
oj7ld ez g3l= HlERl Cr7t ARg oI i3}
A/GAsA 9] Eado] &t ol 2 HtskA A
o] o] F7HE ALoF Moy, o] Edk FHolA
& AgaEY AR el HER Co tiabge] ¥
oliithe AL u)ditt, gl mEo] L H|FA
79 A$E veh Co Fx7) gl uiel Batat
A2e FAo] Z/HHE BAS BYoen @4 vg
W Col Fx9 A9 witel Alolo] WA FA o]
UeS <& $ Yot :

g Zu|2~HE, 53] LDL FelavEe 7=
SR sse AHAYU AAUAEAN B2 = F
g 2e1 82 vl C4 HIER] B9 dhgo] SRSl =
73] F83 AFUAAR AgFct i gatksiy]
Eyle e prE EYFoz A4d $£r glov 2
H2H 80 = S O A e 98E e 9
Yolatolr}, B Aol FATM AR B o}
Hatsix]Ae] F7tel G A viEhd CYf % A
A7} BAlo dolt Mo Kol ol o3t TwAs}
o fEoEAe A SE e AlgEY. a3e
2 9 A¥dAge] HEEY o2 T AIYES
ol 7 A WHlojAley 134 23 A%
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FAoR AT AE Fol7] st kst Faol
B3& mefsfol & Aol Zey st g e B
=0l

Fhow Eold AR A ¥r A nxE
Fike ¢ Fglens AAFEE We A 1
dx gag Aog Br}
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